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SPECIFICATIONS 



1. Title of the Invention: Insulation Gate Type Field Effect Transistor 

2. Scope of the Patent's Claims: 

1 . An insulation gate type of field effect transistor, characterized by the fact that it comprises 
a source and drain region of the second conductive type, formed at a reciprocal distance from a 
semiconductor substrate, which is of the first conductive type, wherein a gate electrode is located 
between said source and drain region so that it is deployed through an insulation film positioned 
at a distance from said drain region on the surface of said semiconductor substrate; 

in an insulation gate type of field effect transistor having a low impurity layer of the 
second conductive type which reaches from said drain region to the channel region below said 
gate electrode; 

wherein the impurity region of the second conductive type is deeper than said low 
impurity layer, having a higher impurity concentration than said low impurity layer, inside said 
low impurity layer in the vicinity of said drain area. 

2. The insulation gate type of field effect transistor described in claim 1, characterized by 
the fact the when the dielectric constant of the semiconductor is expressed as e s , the impurity 
concentration of said semiconductor as N the electricity amount (variable electricity) as q, and 
the real voltage drop in the drain junction is expressed as V A , distance L between said impurity 
region and said drain region is characterized by the formula: 

3. The insulation gate type of field effect transistor described in claim 1 , characterized by 
the fact that said drain region is surrounded by said source region, and also said low impurity 
layer and said low impurity region surround the entire periphery of said drain region. 

4. The insulation gate type of field effect transistor described in claim 1 5 characterized by 
the fact that said impurity region is a region having an island shape deployed opposite one part of 
said drain region. 

5. The insulation gate type of field effect transistor described in claim 1, characterized by 
the fact that said impurity region has the same degree of impurity concentration and of depth as 
said drain region. 

Detailed Explanation of the Invention 
(1) Sphere of Industrial Use 
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This invention relates to an insulation gate type of field effect transistor. More 
specifically, it relates to an insulation gate type of field effect transistor having a high pressure 
.resistance, that is to say a high drain pressure resistance. 

(2) Prior Art Technology 

The insulation gate type of field effect transistors (hereinafter called simply MISFET) 
have been developed for devices requiring a high degree of integration density and a low power 
consumption and they are used mainly in IC for digital devices and as essential elements in LSI 
constructions. That is why the development aimed at improving the characteristics of MISFET 
devices was concentrated mainly on a design offering a high integration density and a low 
consumption of power, as well as a high-speed design. However, improvements relating to a 
pressure resistant design and a high output design have not bee satisfactory. 

Incidentally, the main characteristics of MISFET, taken as a functional block, are related 
to the temperature coefficient applied to high input impedance, multiplication characteristics and 
the load of electric current. These characteristics are better displayed when they are applied to 
analog circuits. A high pressure resistant design of MISFET and a high output design thus 
present important problem areas for applicable use in analog circuits. 

Figure 1 shows a known construction indicating the elements of a highly voltage resistant 
MISFIT design (D. M. Eib and KG. Dill: IEDM 21 - 4 (1971). 

The elements shown in Figure 1 represent a MISFET realized with a technology using ion 
implantation in an offset gate construction. As shown in Figure 1 which can be used to explain an 
example of the N-channel type, 1 1 is a P-type semiconductor substrate (impurity concentration in 
the range of 10 14 ~ 10 16 cm- 3 ), 12 and 13 are a source region, formed from a high concentration 
N-impurity type region, and a drain region (impurity concentration in the range of 10 15 ~ 10 21 cm- 
3 ), respectively, 15 is a gate electrode, 16 and 17 are a source electrode and a drain electrode, 
respectively, and 18 is a gate insulation film. Number 14 indicates a low impurity concentration 
layer of the N-type, formed from drain 13 to the end part of gate electrode 15, which serves to 
relax the concentration in the electric field at the end part on the side of drain 13 of gate electrode 
15, that is to say it is a low resistance layer (for example with an impurity concentration in the 
range of 1.5 - 2.5 x 10 12 /cm 2 ). The construction containing these elements made it possible to 
increase more than 10 times the V value representing several hundred V, using more than 10 V 
and a low MISFET voltage (determined by the drain voltage resistance) of a MISFET according 
to prior art. 

However, although the structural elements shown in Figure 1 make it possible to realize a 
highly resistance MISFET construction in the class of 300 V, these elements are not sufficiently 
resistant to a high voltage which is required for instance in a buffer MISFET construction used 
for a switching regulator, etc. Although a highly resistant MISFET construction that would have 
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a high value from the viewpoint of its use for industrial purposes requires a highly resistant 
construction design in the range of at least 400 ~ 600 V, the structure containing the elements 
shown in Figure 1 does not make it possible to realize such a highly voltage resistant design. 

(3) Purpose of this Invention 

The purpose of this invention is to realize a MISFET construction providing voltage 
resistance at least in the range of 400 ~ 600 V through an improved structural base of the 
conventional highly resistant MISFET structure shown in Figure 1 . 

(4) General Explanation of the Patent 

The drain voltage resistance of MOSFET is limited by the field concentration in the inner 
part of the semiconductor in the vicinity of the end part of the gate electrode. At the same time, 
another limit is imposed by the PN junction voltage resistance of the semiconductor basic 
substance and of the drain region. The former problem can be resolved by the structure of 
elements which is shown in Figure 1, enabling to realize a highly resistant MISFET up to 
approximately 300 V. This invention makes it possible to realize a MISFET enabling a higher 
resistance of about 500 V through an improved PN junction resistance in the basic semiconductor 
substance and in the drain region. 

In order to achieve this purpose, the MISFET of this invention uses an impurity region 
which is deeper than low resistance layer 14, preferably with an impurity region having the same 
concentration as the drain region, with a higher impurity concentration than in low resistance 
layer 14 having the same conductivity type in the vicinity of drain region 13 in low resistance 
layer 14. 

In addition, the MISFET of this invention makes it possible to improve the drain 
resistance by creating a structure which surrounds the drain region by said impurity region of the 
same conductivity type as the drain which is deployed adjacent to the drain region in the low 
resistance layer, while drain region 13 is also surrounded by resistance layer 14. 

[page 3] 

(Embodiments) 

The following is an explanation of an embodiment of this invention which is based on the 
enclosed figures. 

Figure 2 and Figure 3 are diagrams explaining an embodiment of the highly resistant 
MISFET of this invention. Figure 2 is a diagram showing a partial top view and figure 3 is a 
diagram showing a partial profile view of the construction. As shown in Figure 2 and 3, 1 
indicates an N-type semiconductor substrate, 2 is a P-type source region, 3 is a P-type drain 
region, 5 is a p-type low impurity concentration region, 6 is a gate electrode, 7 and 8 are source 
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electrodes, 9 is an insulation film, and 9' is a gate insulation film. In this case, the voltage 
resistance of the PN junction formed by P-type drain 3 and N-type substrate 1 is determined by 
the circuit of edge part A of region 3 and its value is lower than the value of the voltage 
resistance of a PN junction that has a flat shape. Therefore, when a P-type impurity region 4 is 
formed and a suitable distance L is maintained between region 3 and region 4 as shown in Figure 
2 and Figure 3, this makes it possible to relax the concentration of the electric field in the front 
end part A of region 3. In other words, during a status when a high drain voltage is applied, as 
long as a distance L is set so that a depletion layer is extending from region 3 and region 4 so that 
both are mutually associated, this makes it possible to prevent a breakdown in the front end part 
A of region A. Consequently, a high voltage design can be achieved. The formula which can be 
used as a criterion for distance L is indicated below. 



e s : dielectric constant of the semiconductor, 

N B : semiconductor substrate impurity concentration, 

q: electricity amount (variable electricity), 

V A : breakdown voltage in part A of a conventional construction which does not have 
region 4. 

If for example, the following values of the P-channel MISFET shown in Figure 3 are 
used: impurity concentration in substrate 1 is expressed as N B = 5 x 10 14 cm" 3 , the impurity 
concentration of source and drain areas 2 and 3 is expressed as N A = 1 x 10 19 cm" 3 , the depth is 10 
|im, the impurity concentration in low impurity concentration region 5 is expressed as = 2 x 
10 16 cm" 3 , the depth is 0.5 (im, length 40 (im, the channel length is 10 \xm when V A = 380 V, the 
depth of region 4 is set to 10 (im, and the impurity concentration to 1 x 10 19 cm' 3 , and when 
length L = 14 (im, width 1 = 24 (im, a drain voltage resistance of 500 V will be obtained. 

It is obvious that the above described region 4 made it possible to improve resistance by 
more than 30% when compared to the drain resistance of a MISFET which does not have the 
above described region. Since region 4 which was used in the embodiment shown is Figure 2 and 
Figure 3 is deployed in a ring shape only in 1 location so as to surround drain region 3, this also, 
makes it possible to assure a better drain resistance. 

Figure 4 is a diagram explaining another embodiment of this invention. Since the 
peripheral length of the gate will be long in a MISFET construction characterized by a high 
voltage and a large current, the inter-digital type of construction which is shown in Figure 4 is 
used. As shown in Figure 4, drain region 3 has an oblong, rectangular projecting part 3', which 
means that its width C will be narrow. When region 3' is formed using impurity diffusion, etc., 
with a similar pattern shape, due to the shape of the front end part B, the electric field 
concentration in part B will be very significant, causing a deterioration of the voltage resistance. 
If the diffusion depth of the impurity is shallow, or if width C is nanrow, this will also have a very 
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significant influence. Therefore, when region 3' having the same conductive type is formed as 
shown in Figure 4, this makes it possible to relax the concentration of the electric field in part B, 
enabling to improve resistance. 

Distance L between region 3' and region 4' can be obtained according to the same formula 
(1) which is used in the embodiment above. Also in this embodiment, when the MISFET shown 
in Figure 4 is used while the impurity concentration of N-type Si substrate 1 is expressed as N B = 
5 x 10 M cm' 3 , the impurity concentration of P-type region 3' is expressed as N A = 1 x 10 14 cm' 3 , 
width C = 14 jim, and the depth is 10 fim, V A = 340 V; when the impurity concentration of 
region 4' is 1 x 10 18 cm" 3 , the depth is 10 \im, L = 10 \im 9 and when 1 = 24 \xm 9 a drain voltage of 
420 V will be obtained. 

As was explained above, the invention can be utilized to improve voltage resistance 
between the semiconductor substrate and the drain of a MISFET having high voltage resistance. 

The following is an explanation of an example of an N-channel element according to the 
high voltage resistance manufacturing method of this invention. 

As shown in Figure 5 (A), oxide film 9 (made of Si0 25 etc.), which is 130 nm thick, is 
formed on P-type silicon substrate 1 . On top of that is formed a polysilicon film having a 
thickness of 450 nm. Since the resistance of the polysilicon layer will be high during this status, 
ion implantation is conducted from the surface by implanting, ions in 2 x 10 14 locations/cm 2 , and 
annealing is applied for 30 minutes by using a temperature of about 1,000°C. 

[page 4] 

Next, etching is applied to remove the required part except for the part creating the gate 
electrode in which polysilicon 6 is left. This is the status shown in Figure 5 (A). Next, in order to 
form the N-type low impurity layer for the highly resistant design, ions of phosphorus are 
implanted in oxide film 9 and N" type region 5 is formed. At this point, when acceleration voltage 
is 130 keV, ion implantation is applied with a ion dose of 2 x 10 13 locations/cm 2 . Next, an SiO 2 
film is formed with a thickness of 800 nm according to the CVD (Chemical Vapor Deposition) 
method and the Si0 2 film is removed with the exception of location 10 as required for a diffusion 
mask. (See Figure 5 (B)). Next, N-type regions 2, 3 and 4 are formed with an impurity 
concentration of 1 x 10 20 cm" 3 , having a depth of 25 \im according to a common heat diffusion 
method to create an impurity source POCl 2 . (See Figure 5 (C)). Region 2 is formed as the source 
area, region 3 as the drain area, and region 4 is formed in an island shape between the source and 
the drain. Next, Si0 2 film 10 is removed, another Si0 2 film containing phosphorus is formed 
again with a thickness of 800 nm, and a window is created in the contact part of the source and 
drain to create an Al electrode. These processes can be used without any change for various types 
of common semiconductor devices. The profile structure of the elements obtained in this manner 
is identical to the structure shown in Figure 3. 
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Brief Explanation of Figures 

Figure 1 shows a profile view of the construction of a MISFET according to prior art, 
Figure 2 shows a partial top view of the a part containing the elements of Embodiment 1 of a 
MISFET according to this invention, Figure 3 is a partial profile view showing elements of 
Embodiment 1 of a MISFET according to this invention, Figure 4 is a partial top view showing 
the elements of Embodiment 2 of a MISFET according to this invention, and Figure 5 is a profile 
view showing the elements of an example of the manufacturing process of a MOSFET according 
to this invention. 

1 ... semiconductor substrate, 2 ... source region, 3 ... drain region, 4 ... impurity region 
having the same conductivity type as the drain region, 5 ... low impurity concentration region 
(resistance layer), 6 ... gate electrode, 7 ... source electrode, 8 ... drain electrode, 9 ... insulation 
film, 9' ... gate insulation film. Representative: Noritatsu Usuda, Patent Atorney. 

(Figure 1, Figure 2, and Figure 3) 




(Figure 4 and Figure 5) 
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